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PR E FA C E
S oils have been  surveyed  in various parts o f  A laska to m eet 
resou rce -developm en t needs since te rrito ria l days. These 
su rveys have been  conducted  and published  by the N ational 
C o o p era tiv e  Soil S urvey since 1952 and are a jo in t e ffo rt o f  
the U nited  S tates D epartm en t o f  A gricu ltu re  Soil C onserva­
tion  S erv ice  and  the A laska A gricu ltu ra l E xperim ent S tation. 
In itia lly , governm en t agencies w ere  the m ajo r users o f  such 
soil su rveys because land ow nersh ip  w as con tro lled  alm ost 
en tire ly  by governm en t agencies. H ow ever, the dem and fo r 
so ils and geog raph ic  in fo rm ation  increased  substantially  as 
p opu la tion  increased  and u rban  areas g rew  fo llow ing  the 
d iscovery  o f  oil on the K enai P en insu la  du ring  the 1950s and 
on the N orth  S lope in th e  late 1960s. In terest also  heightened 
w hen  the state gained  title  to  a la rge portion  o f  land fo llow ­
ing statehood in 1959. T he N ational C oopera tive Soil Survey 
(N C SS) published  m any soil su rveys for areas o f  intensive 
land use o r po ten tia l land developm ent. T hese soil surveys 
often  are underu tilized  o r  m isused.
This publication, “ Soil Survey and Its U se in A laska ,”  was 
developed over three years based on my field review s o f  NCSS
activ ities in A laska as w ell as on  m y d iscussions w ith  users 
o f  soil surveys regarding questions and problem s arising from  
using the reports . In th is pub lication , soil su rveys and  the ir 
use in A laska are rev iew ed and discussed .
W hile land-use p lanners and land m anagers a re  m y p rim ary  
in tended  aud ience, the in form ation  contained  here in  should 
also b e  useful to soil scien tists, ex tension  agents, co n serv a­
tionists, students o f  natu ra l-resources m anagem ent, and o ther 
in terested  persons.
M any people have con tribu ted  ideas and  concepts fo r this 
publication . I am  especially  g rate fu l to the fo llow ing  fo r 
technical review s and encouragem ent during  the developm ent 
o f  this publication: D r. R .G . C line , Soil C o rre la to r, U .S . 
F o rest Serv ice , M issoula, M ontana; M r. J. M oore , A ssistant 
State Soil Scientist, U SD A -SCS, A nchorage, A laska; Dr. J.D . 
M cK endrick, A ssociate P rofessor o f  A gronom y, A gricultural 
and F orestry  E xperim ent S tation, U niversity  o f  A laska- 
F airbanks; and D. W itte and T . C ox , fo rm er SCS soil sc ien ­
tis ts, now  private consu ltan ts.
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IN T R O D U C T IO N
W h a t  is  S o i l ?
Soil is the co llection  o f  natural bodies w hich occupies those 
p o rtions o f  the e a r th ’s surface w hich  support p lan ts and  have 
certa in  p ropertie s  due to the in tegrated  effect o f  clim ate and 
liv ing  m atte r, acting upon  paren t m ateria l, as conditioned  by 
re lie f, ov er periods o f  tim e (Soil S urvey S taff 1962). Soil 
surveying is an applied science w hich includes identifying and 
m app ing  these  soils o v er the landscape and scientifically  in ­
te rp re ting  th e ir  land-use po ten tia ls.
E a r l y  W o r k s
Soil survey has 70 years o f  h isto ry  in A laska. In 1914, B en­
nett and R ice conducted  a reconnaissance soil survey  co v e r­
ing  abou t 3 1 ,0 0 0  square  m iles. This survey  w as done a t the 
request o f  and  in cooperation  w ith the A laska R ailw ay C om ­
m ission . T he p u rp o se  w as to  p resen t in fo rm ation  on  crops, 
su rface  configuration , c lim ate, so ils, transporta tion , m arkets, 
m in in g , and settlem ents as elem ents affecting  potential 
agricu ltu re fo r the reg ion . A reas o f  m ajor concern  were: C ook 
In le t-S usitna , C opper R iv er B asin , and Y ukon-T anana. T he 
au tho rs p red ic ted  ag ricu ltu ra l feasib ility  fo r A laska based  on 
the agricultural success in Siberia w here sim ilar environm ental 
cond itions p reva il. In  th e ir  rep o rt, soils w ere  classified  into 
se ries  o r  g roups o f  soil types. T he K nik  S eries, a  M atanuska 
V alley  so il, w as firs t recogn ized  a t that tim e. C hem ical and 
mechanical analyses o f  A laska soils w ere perform ed on samples 
co llec ted  du rin g  th is survey . T h is w as a good  exam ple o f  the 
ea rly  coopera tive  soil su rvey ; th e  B ureau  o f  Soils executed  
the survey; the A laska E ngineering Com m ission paid expenses; 
and th e  A laska A gricu ltu ra l E xperim ent S tation experim ented 
w ith  crop  p roduction .
In 1949, Kellogg and N ygard (1951) investigated agricultural 
capabilities o f  fifteen geographic units in the state and described 
th e ir  so ils and  respective  m anagem ent p ro b lem s. Individual
soils w ere identified to the series level but described in associa­
tions. This repo rt, “ E xp lo rato ry  S tudy o f  the P rinc ipa l Soil 
G roups o f  A laska,”  served as the predecessor o f  the first com ­
prehensive  investigation  o f  A laskan  soils. In th is su rvey , the 
state w as d iv ided  into tw elve physiog raph ic  p ro v in ces , a 
genera l soils m ap o f  the state w as com piled , and m a jo r areas 
having agricu ltu ral potential w ere identified. Soil in form ation  
included  bo th  m echanical and chem ical analyses. T he G rea t 
Soil G roups classification  system  from  the 1983 U S D A  Y ear­
book  w as used  in th is survey .
Both o f  those surveys, though their soil classification systems 
are now  outdated , still p ro v id e  valuab le  in fo rm ation  and  a 
rev iew  o f  ag ricu ltu ra l developm ent in A laska.
C u r r e n t  S t a t u s
T here  w ere no detailed  soil surveys in A laska until 1939-40 
when the M atanuska V alley was surveyed (Rockie 1946). W ith 
the estab lishm ent o f  the A laska S tate O ffice o f  the Soil C on­
servation Service (SCS) in 1948, soil surveys done in coopera­
tion  w ith  the A laska A gricu ltu ra l E xperim en t S tation  becam e 
an im portan t part o f  SCS opera tions in A laska. S ubsequent 
detailed soil surveys included portions o f  the interior and south­
cen tra l reg ions. In spite o f  these  ac tiv ities, soil in fo rm ation  
w as not sufficien t to  p rov ide  the basis fo r w ise and efficien t 
land-use p lanning  th roughou t the sta te . O nly a tim ely  sm all- 
scale , general soil survey  cou ld  m eet these needs. T he “ E x­
ploratory  Soil Survey o f  A laska”  w as initiated in 1967 to m eet 
those dem ands. T he survey  w as com pleted  by R ieger, 
S choephorster, and F u rbush  in  1973 and w as pub lished  in 
1979. It is a good  exam ple o f  a  sta tew ide exp lo ra to ry  su rvey . 
T he field  w ork  w as done at a scale o f  1 :500 ,000  and p u b ­
lished  at a scale o f  1 :1 ,0 0 0 ,0 0 0  w hich  is approx im ate ly  
equivalent to  1 inch: 16 m iles. T here  w ere fifteen  m ajo r land- 
reso u rce  areas recogn ized  and  charac terized  by  th e ir  un ique 
pa tte rn  o f  topography , c lim ate , vegeta tion , and  so ils. Soils
w ithin each landscape segm ent w ere described  and classified. 
R ela tionsh ips am ong so ils , the native vegeta tion , and land- 
fo rm s w ere no ted ; and the p ropo rtion  o f  each m ajo r soil in 
each  a re a  w as estim ated . E ach m ap un it in th is survey  is an 
association  o f  soils arranged  in  a consistent pattern. Soils w ere 
identified by phases at their respective subgroup levels accord­
ing to  Soil T axonom y (Soil S urvey S taff 1975). This survey  
is usefu l in  general land  use p lann ing  and as a gu ide to  identi­
fy ing  the  m ost desirab le  areas fo r specific uses. It functions 
as a basis fo r determ in ing  areas w here m ore detailed  soil 
su rveys are  needed  to  g ive adequate in form ation  fo r planning 
and m anagem ent.
In a recently published introductory soils textbook (Donahue 
e t al. 1983), it w as stated  that “ rem ote and w ild areas (as in 
m ost o f  A laska today) usually  have only  an exp lo ra to ry  soil 
survey m ade for m ost o f  the lan d .”  A ctually, besides the “ Ex­
p lo rato ry  Soil Survey o f  A lask a ,”  there have been  m ore than 
tw elve detailed  soil surveys published  since 1956 (table 1). 
D etailed  soil surveys issued by the N ational C ooperative Soil 
S urvey (N C SS) in w hich the SCS has leadersh ip  include the 
fo llow ing  areas: F airbanks (R ieger et al. 1963), G oldstream - 
N enana (Furbush  and Schoephorster 1977), H om er-N inilchik  
(H inton 1971), K enai-K asilof (R ieger et al. 1962), M atanuska 
V alley (Schoephorster 1968), Salcha-Big D elta (Schoephorster 
1973), Susitna V alley  (S choephorste r and H in ton  1973), and 
Totchaket (Furbush et al. 1980). The total acreage is 3 ,129,919
Table 1. Status of National Cooperative Soil Survey (NCSS) 
in Alaska (Dec. 1984).
S u rv ey
a rea
P u b ­
lication
year A creag e
O rd e r
o f
survey
F ield  
m ap  sca le
P ub lished
scale
Kenai-Kasilof 1962 238,248 2 1:21,120 1 31,680
Fairbanks 1963 254,571 2 1:12,670 1 31,680
Matanuska Valley 1968 449,300 2 1:15,840 1 20,000
Homer-Ninilchik 1971 271,300 2 1:21,120 1 31,680
Salcha-Big Delta 1973 308,960 2 1:21,120 1 31,680
Susitna Valley 1973 701,500 2 1:15.840- 1 31,680
1:21,120
N enana-Goldstream 1977 326,250 2 1:21,120- 1:31,680
1:24.370
Totchachet 1980 579,790 2 1:20,000
Subtotal, Order 2,
surveyed acreage 3,129,919!
Yentna 2 3,300,000 3 1:24,000 1:31,680
Haines 2 315,520 3 1:24.000
Copper River 2 598.880 3 1:24,000
Subtotal, Order 3,
surveyed acreage 4,214,400
Subtotal, Orders 2 and
3, surveyed acreage 7,344,319
NE Kodiak Island 1960 310,407 4 1:120,000 1:63,360
Seward Peninsula 2 21,590,000 4 1:125,000 1: 125,000
Subtotal, Order 4,
surveyed acreage 21,900,407
Total NCSS Survey Area3 29,244,726
1 Published
2 Field work completed or scheduled to be completed
3 Exploratory Soil S u n ’ey  covers the whole state.
This 1949 photograph shows a SCS soil survey crew  w orking 
in the Kenai-Kasilof area. Tents are still used today for soil 
surveys in roadless and rem ote areas. (Soil Conservation Ser­
vice photo)
Soil scientists from  the Soil Conservation Service and the 
Agricultural and Forestry Experim ent Station exam ine the field 
texture o f  a Cryorthod mapped north o f Yenlo mountain during 
a field review o f the Yentna Soil Survey Project.
acres. T here  are tw o areas, H aines (M cC loskey , personal 
c o m m u n ic a t io n 1) an d  Y e n tn a  (O ls z e w s k i,  p e rs o n a l 
com m unication2), w here field  w ork  has been com pleted , and 
publications are due in the near fu ture , covering  an additional 
3 ,615 ,520  acres. The C opper R iver Basin Survey A rea (C lark
1983) com prises som e 5 9 8 ,8 8 0  ac res , w ith field w ork  sched­
uled fo r com pletion at the end o f  1984. Prelim inary  field w ork 
fo r the K antishna A rea started  in the sum m er o f  1983. The
1 M cClosky, J . , Soil Scientist, USDA-SCS, A nchorage, Alaska.
2 O lszewski, K . , Soil Scientist, USDA-SCS, Anchorage, Alaska.
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N C SS also  published  a reconnaissance soil survey o f  no rth ­
easte rn  K odiak Island (R ieger and W underlich  1960) o f
310.407 acres. Field w ork for the “ Seward Peninsula Reindeer 
Range Soil S u rvey ,”  which covers 21 ,590,000 acres, was com ­
pleted  in 1983 (V an P atten , personal com m unication3).
B esides those N CSS pro jec ts , the SCS in A laska also  co n ­
ducted  and published  m any specia l-purpose su rveys, to taling  
3 ,5 1 7 ,130 acres as o f  1984. These surveys are being used for 
such specific purposes as u rban planning , highw ay corridors, 
and m oose range . T he detailed  soil surveys in A laska w ere 
published  at a scale o f  1 :31 ,680  except fo r the M atanuska 
V alley Soil Survey w hich w as at a scale o f  1:20 ,000 . Less- 
detailed  soil surveys w ere  usually  at a scale o f  1 :63,360 or 
la rger. A m ap scale o f  1 :31 ,680  w as used for the rem ote soil 
surveys.
T he total acreage o f  N ational C oopera tive Soil Survey in 
A laska at the O rd e r 2 and 3 levels (detailed surveys), e ither 
published o r with field w ork com pleted by 1984, is 7 ,1 19,440 
ac res  and , a t the O rder 4 level (reconnaissance surveys),
2 1 .9 0 0 .4 0 7  acres (table 1). T he U .S . Forest Service also co n ­
ducted  soil resource  inventory  reports for lands under that 
F ederal agency ’s ju risd ic tion . The total soil acreage surveyed 
by the U .S . F o rest S erv ice in A laska by 1984 was 16 m illion 
ac res , am ong w hich 10.2 m illion acres are in the T ongass N a­
tional F o res t w ith the rem ainder in the C hugach N ational 
F o rest. B esides governm en t agencies, there are also  private 
consu lting  firm s conducting  soil su rveys on som e areas for 
specific pu rp o ses, such as the soil survey fo r C ape Y akataga 
designed for tim ber inventory (Cox, personal com m unication4).
N a t i o n a l  C o o p e r a t i v e  S o i l  S u r v e y
T he N ational C oopera tive  Soil Survey (N C SS) w as o rg a ­
nized in 1952 to coord ina te  and sim plify the great am ount o f  
soil survey in fo rm ation . It is coord ina ted  by the Soil C onser­
vation S ervice o f  the U nited  States D epartm ent o f  A gricu ltu re 
(U SD A ). In m ost states, the state land-grant institutions (state 
un iversities) serve as the sta tew ide cooperating  agency . In 
A laska, the A gricu ltu ra l and F o restry  E xperim en t Station o f  
the School o f  A gricu ltu re  and Land R esources M anagem ent, 
University o f  A laska-Fairbanks, represents the state’s interests.
3 Van Patten, D ., Soil Scientist, USDA-SCS, Anchorage, Alaska.
4 Cox, T ., Consultant, Arctic Geo. Resource Associates, Palmer, 
Alaska.
T he U .S . F o rest S ervice, B ureau o f  Land M anagem ent, F ish 
and W ildlife Service, and other Federal agencies may cooperate 
closely in survey areas w ith in  the ir respective ju risd ic tions . 
All soil su rveys in w hich the SCS participa tes are done 
cooperatively with Federal and state agencies, such as the U .S. 
Forest Service, A laska State D epartm ent o f  Natural Resources, 
D epartm ent o f  F ish and G am e, local conservation  d istric ts , 
and A laska N ative co rporations.
T he SCS also  cooperates w ith  som e m unicipalities, A laska 
N ative corporations, and other agencies and private industries 
to survey soils to m eet local needs fo r com m unity  planning 
and developm ent. H ow ever, these su rveys are  not co rre la ted  
no r is the ir publication  an ticipated  un d er the N C SS schedule 
due to the size and iso lation  o f  the surveyed  areas. N orm ally  
these su rveys will be p rin ted  only as a special repo rt w ith a 
lim ited num ber o f  copies. An exam ple is the soil survey  en ­
titled  “ Soil and R ange Sites o f  the U m nak-U nalaska A re a ”  
(Preston and Fibich 1978). W ith increased interest or expanded 
survey  activ ity  adjacent to  som e o f  these survey  areas, these 
su rveys m ay be co rre la ted  and incorporated  into the N C SS 
program .
C oopera tive arrangem ents rela ting  to so il-survey  activ ities 
m ay be initiated by the SCS o r  concerned  agencies. These 
cooperative  arrangem ents are delineated  in the m em orandum  
o f  understanding  as specified  in C hap ter 3 , “ P reparing  for 
M a p p in g ,”  Soil Sur\>ey M a n u a l , rev ised  (Soil C onservation  
S ervice 1981). T his docum ent is an ag reem ent betw een  the 
SCS and the principal coopera to rs , and  it describes the basis 
o f  their co llaboration  in general term s. Specific com m itm ents 
and obligations are defined  in a separate  m em orandum  o f 
understanding  fo r each survey area.
The m em orandum  o f  understanding clearly  states the reason 
(purposes) fo r m aking the soil su rvey , w hat the w ork  will en ­
tail, how  it will be done, the scale to  be used in the field  and 
for publication , publication  p lans, in te rp re ta tions, schedule , 
and w ho is responsib le  fo r the various aspects o f  operations. 
The m em orandum  is com pleted  w hen signed by au thorized  
rep resen ta tives o f  each cooperating  agency , and it should  be 
com pleted  befo re  field w ork com m ences.
Soil surveys a re  utility  o rien ted , the re fo re  the survey  can 
be executed in a variety o f  ways depending on the u se rs’ needs. 
It is most im portant to specify clearly the purposes o f  the survey 
in the m em orandum . Soil scien tists can design  a soil survey  
properly  only if  the land use is know n and in terp re tation  o b ­
jectives are  specifically  stated . T hus, a m em orandum  o f  
understanding is the co rnerstone for quality contro l o f  the soil 
survey .
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HOW SOIL SURVEYS ARE MADE
Soil sc ientists m ake a survey  to learn w hat k inds o f  soils 
a re  in an area , w here they are  located , how  they can  be used, 
and how  they respond to m anagem ent practices. T rad itional­
ly, soil scientists travel in standard vehicles using existing road 
systems for stopovers, observation, and short-distance transect­
ing and traversing . T ransecting  is a way o f  system atically  
reco rd ing  the location and num ber o f  inspections necessary 
to determ ine the kind, proportion , and pattern  o f  soil and non­
soil com ponents o f  each delineation . T raverses d iffe r from  
transects in that no separate  reco rd  o r field notes are  required  
o th e r than a sim ple circ le  d raw n on the field sheet to indicate 
w here a soil inspection has been made by auger o r shovel (Cline
1984). In A laska, the available road system s are lim ited. 
T h erefo re , the so il-survey  parties in A laska depend heavily  
upon helicop ter support fo r access and transecting . U sing 
helicop ters allow s the survey  party  to cover a larger a rea  and 
to observe the landfo rm s, vegeta tion , d rainage patterns, and 
o ther surface features m ore closely . In road less reg ions, this 
is a tim e-sav ing  and cost-effective technique for m aking soil 
su rveys.
A soil-survey  party  can consist o f  tw o to th ree  crew s, each 
con tain ing  a soil sc ien tist and a b io technician  w ho study the 
geology, clim ate, landscape and terrain characteristics, vegeta­
tion , and any ex isting  soils in form ation  fo r the area  in o rder 
to  get a general perspective. Then they exam ine aerial 
pho tographs by ste reo -v iew ing  to  delineate various geom or- 
phic units. G enerally , im ages from  N ASA satellites and photos 
from  reconnaissance a irc ra ft a re  en larged  to the appropriate  
scale and used fo r base m aps. In frared  co lo r photos are used 
to separate  un ique vegeta tion  com m unities and  so il-m oisture 
reg im es. T he survey  crew s trave l by helicop ter to selected 
sites and exam ine areas on the ground  using transects and 
trav e rses  across se lected  landscapes. Soil types and m ap-unit 
boundaries a re  identified by exam ining  represen tative sites on 
the ground  and co rre la ting  on-the-g round  findings with 
p rev ious air-pho to  signatu res. T he aerial pho tographs show  
vegeta tion , re lie f, natural d ra in ag e , landfo rm s, and o ther
details that aid in locating  boundaries accurate ly . A  com pass 
is used to m aintain transect bearings as the crew s struggle 
th rough dense spruce fo rest, w illow  patches, th ick  a lder, 
m uskeg, o r  tundra . They generally  carry  firearm s w hile in 
rem ote sites to p ro tect them selves from  b ears . H ow ever the 
“ b iggest”  enem y is often  an arm y o f  m osquitoes.
Since it is not cost effective for a soil scientist and b io techni­
cian to exam ine every  acre  in m ost su rvey  areas in A laska, 
they have to depend  on the data co llected  along the transect 
line to p red ic t the soil type and unit boundary  on the land­
scape. A long transects , the soil sc ientists and b io technicians 
observe and record  the steepness, az im uth , leng th , and shape 
o f  slopes; size and speed o f  stream s; k inds o f  native vege ta­
tion o r crops; fire  h isto ry ; k inds o f  rock ; re la tive  positions 
o f  d ifferen t soil units on the landscape; and m any o th e r soil 
details such as pH , depth , co lo r, s tructu re , field tex tu re , con-
Soil survey crews depend on helicopters for accessibility in 
roadless and remote areas. M uskegs and river beaches are often 
used for drop-off and pick-up points where the crew  starts or 
finishes a transect.
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sistency, rooting depth, and density. Distances between transect 
lines vary  from  one-ha lf m ile to ov er a m ile , depending  on 
the com plex ity  o f  the landform s o r so il-d istribu tion  patterns, 
in accordance w ith  the intensity  o f  the survey . D etailed  soil 
su rveys involv ing  the exam ination  o f  every  acre can be done 
if  such detail and level o f  confidence are justified .
The soil scientists usually dig m any holes to expose soil p ro ­
files. T ile spades, shovels, augers, o r probes are used. Pow er 
ice augers are used fo r frozen  soils. A p ro file  is the sequence 
o f  natura l layers, o r ho rizons, in a soil; it ex tends from  the 
surface dow n into the parent m aterial, which has been changed 
very  little e ith er by leaching o r by the action  o f  p lant roots. 
T he soil scien tists record  the characteristics o f  soil profiles 
and com pare  those  p ro files  w ith  o thers in nearby areas and 
m ore d istan t in p laces. T hey  classify  and nam e the soils in 
a cco rd an ce  w ith  n a tio n w id e , u n ifo rm , so il-co rre la tio n  
p rocedu res.
Soil co rre la tion  is the p rocess o f  m ain ta in ing  consistency 
in nam ing  and c lassify ing  soils and  o f  the un its delineated  on
This view o f an exposed soil profile shows horizons marked 
for description and sampling. This pit was excavated for site 
specification o f a soil climate study near Betties. The rooting depth 
is limited to the top 5 inches due to high bulk density o f the soil.
m aps as specified in the chap te r “ M ain ta in ing  standards in 
soil su rv ey ”  o f  the rev ised  So il Survey M anua l published  by 
the Soil C onservation  Service in 1981. In the co rrela tion  p ro ­
cess, field and laboratory  data are exam ined  fo r sim ilarities 
and d ifferences in term s o f  m anagem ent in te rp re ta tions b e ­
tw een  soils at d iffe ren t places. T he so il-co rre la tion  process 
includes quality  control and m apping decisions carried  out by 
the survey  party  th roughou t each su rvey . F o llow ing  this p ro ­
cess , the soil survey is considered  co rre la ted , o therw ise  it is 
considered  u n co rre la ted .
W hile a soil survey is in p rog ress, sam ples o f  key soils are 
taken for laboratory  determ inations and for eng ineering  tests. 
V egetation  is sam pled to  determ ine range  fo rage  p roduction . 
T rees a re  co re  sam pled to m easure  forest p ro d u c tiv ity . D ata 
on y ie lds o f  crops u n d er defined  p rac tices a re  assem bled , if 
availab le , from  farm  records and from  experim en tal p lo ts  on 
the sam e k ind  o f  soil. C rop -p roduc tion  data a re  som etim es 
unavailab le , as m any survey  areas have nev e r been  farm ed. 
In th is case, crop  production  is estim ated  an d /o r  ex trapolated  
from  sim ilar soils in o the r areas.
The com pleted soil survey includes soil and m ap unit descrip­
tions, m aps, labora to ry  data, and  u tility  in te rp re ta tions com ­
bined and organized  into a report. T hese reports are then used 
by planners, farm ers, range and forestry m anagers, engineers, 
conservation ists , developers and bu ilde rs , p roperty  buyers, 
recreation ists , m ining industries, and o thers fo r a varie ty  o f  
p lanning and m anagem ent purposes.
An ice auger is used to sample frozen soils. An ice wedge from 
a Histic Pergelic Cryaquept (a perm afrost soil) near Silver Lake, 
Copper River Basin is shown here.
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HOW SOILS ARE CLASSIFIED AND NAMED
S o i l  C l a s s i f i c a t i o n
All soils in the U nited  States and soils in m any o ther coun­
trie s have been classified  accord ing  to Soil Taxonom y (Soil 
Survey S taff 1975). Such classification  system s are contrived 
by m an to o rgan ize  know ledge. They are not, them selves, 
tru th s  tha t can be d iscovered . Soil c lassification  is the tech ­
n ique by w hich soils can be segregated  into ca tegories that 
are useful fo r understanding  the ir genesis, p roperties, and 
responses to  use. Soil T axonom y is one system  o f  c lassifica­
tion that is concerned  prim arily  w ith relationships am ong soils 
and the factors responsible for their character. Soil Taxonom y 
is a h ie rarch ical system  w ith six categories:
O rders 
Suborders 
G reat G roups 
S ubgroups 
F am ilies 
Series
E ach  category  is designed  to be useful for a g iven  purpose 
at an ap p rop ria te  level o f  detail o r  generalization . Soil T ax ­
onom y has been developed to serve the purpose o f  soil surveys 
so that characteristics o f  soil can be translated  into m aps for 
land  use and m anagem ent. Soil T axonom y is also  necessary  
to facilita te data  transfers. T he p roperties selected as crite ria  
fo r classification  at levels from  o rd er to subgroup  are largely 
those that resu lt from  so il-form ing  p rocesses influenced by 
the environm ent. They are defined in term s o f  e ither 
recogn izab le  o r  easily  m easured  soil characteristics.
T he o rd er  is the m ost general ca tegory  in Soil T axonom y. 
C u rren tly  the re  a re  ten o rders . T here  is one new  soil o rder 
p ro p o sed  and under rev iew . F ive o f  the ten o rders are 
rep resen ted  in A laska (R ieger et al. 1979, Sm ith 1978). The 
o rd ers  are d iffe ren tia ted  by the presence o r absence o f  
d iagnostic  horizons o r  features that a re  characteristic  o f  the 
kinds and intensities o f  soil-form ing processes and contrasting 
c lim ates. T he subdiv ision  o f  the o rd er is the suborder.
Suborders  w ithin soil orders are differentiated as to soil p ro ­
perties and horizons resulting from  differences in soil m oisture, 
soil tem peratu re , and o ther specific genetic fea tu res. T here  
are forty-four suborders currently recognized, and about twelve 
are represen ted  in A laska.
G reat so il groups  are a subdivision o f  suborders. T he great 
g roups are d istinguished  on the basis o f  soil ho rizons and soil 
m orphological features. T here are 187 g reat groups identified 
in the U .S . and m ore than seventeen  rep resen ted  in A laska. 
Each great soil group is divided into three kinds o f  subgroups: 
typ ic, in tergrade, and extragrade. Typic m eans the com m on 
ones o f  that ca tegory , in tergrade  m eans it is going to o r  com ­
ing from  o ther ca tegories, and extragrade  m eans exceptional 
features. T here  a re  990 subgroups identified  in the U .S .,  o f  
w hich approxim ately  74 are rep resen ted  in A laska.
Soil fa m ilie s  are  separated  w ithin subgroups based on soil 
p roperties im portant to the grow th  o f  p lants o r  response o f  
soils w hen used for eng ineering  purposes. T here  are about 
5 ,603  fam iles identifed in the U .S ., m ore than 100 o f  w hich 
are in A laska.
A s the categories go from  h igher to low er levels , the in fo r­
m ation becom es m ore specific and the interpretations are m ore 
detailed . All levels are practical and useful in soil m apping. 
F rom  o rd er to subgroup  level, Latin and G reek  are  used  to 
designate the fo rm ative elem en ts, as requ ired  by m ost tax ­
onom y o r nom enclature system s, such as those used in the 
p lant, anim al, and m edical sc iences. At the fam ily and series 
level, E nglish  term s are  used. Soil fam ily is the low est level 
o f  this heira rchy , and so il series  a re  like individual m em bers 
o f  the fam ily. Soil series a re  d iffe ren tia ted  o m th e  basis o f  
observab le and m appable soil charac teristics, such as co lo r, 
fineness o f  soil partic les, the size and shape o f  the soil c lod , 
behav io r under various m oistu re  cond itions, th ickness, pH , 
and num ber and arrangem ent o f  horizons in the soil body (Soil 
Survey S taff 1962).
F eatu res used to  separate  series a re  also  im portan t to land 
use and m anagem ent. Each soil se ries is nam ed fo r a tow n 
o r o ther geographic feature near the p lace w here  a soil o f  that 
series was first observed  and m apped. K enai, K nik , and 
Nenana, for exam ple, are the nam es o f  three soil series mapped 
in the Kenai P eninsu la, M atanuska V alley , and the In terio r,
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respectively . S om etim es the nam e is sim ply co ined . All the 
soils in the U .S . correlated with the same series nam e are essen­
tially  alike in those characteristics that affect their behavior 
in the natural und istu rbed  landscape and how  they will react 
under sim ilar m anagem ent and use. C urrently , there are m ore 
than 13,500 series defined  and nam ed in the U .S . In A laska, 
there are m ore than 200  co rre la ted  series defined and nam ed 
in the published  surveys and review ed field w orks. These 
num bers are expected to increase greatly  as the statew ide soil- 
survey  p rog ram  p rog resses . T he num ber o f  o ther ca tegories, 
especially  at fam ily , subg roup , and g rea t group  levels, will 
increase w ith new  surveys.
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This profile o f  Gulkana silt loam, mapped in the Copper River 
area, shows 2.5 feet o f wind blown silty material (loess) overlain 
alluvial sand and gravel. Note the concentration o f  root mat at 
the base o f  the loess layer where the contrast texture (with sandy 
layer below) creates a moisture interface which restricts root ex­
tension into the sandy layer.
The classification o f  the H om estead S eries, a  soil w hich o c­
curs extensively  in the M at-Su V alley , is used below  to 
dem onstrate  the Soil T axonom y classification  system :
Loamy-skeletal, mixed Typic#Cryorthods
• • •• • •
Order: Spodosol
Suborder: Orthods
Great Group: 
Cryorthods
Subgroup: Typic 
Cryorthods
Family:
T his m eans the H om estead S eries belongs to the fam ily o f  
L oam y-skeletal, m ixed , T ypic C ryo rthods. T he H om estead 
S eries is a Spodosol. Spodosols are leached soils o f  the con i­
fer fo rest zone. L eaching norm ally  resu lts in an accum ula­
tion o f  o rganic ca rbon , toge ther w ith iron and a lum inum , in 
one o f  the subsurface horizons. This usually occurs in the upper 
part o f  the profile. This horizon usually has strong  b row n and 
yellow ish-brow n co lo r. The subo rder O rthod  indicates it is 
a com m on Spodosol. The great group C ryorthod  indicates this 
soil is developed under a cryic (cold) tem perature regim e where 
the m ean annual soil tem peratu re  at 20  inches is 0 to 8 °C . 
(32 to 4 7 °F). T he fam ily nam e ind icates that this so il, a t a 
depth o f  10 to 40 inches, has over 35 per cent coarse fragm ents 
( >  2 m m ) by vo lum e, less than 35 per cen t clay in the re ­
m aining fine earth  ( <  2 m m ) portion , and m ixed m ineralogy.
The classifcation o f  the H om estead series is conceptual. The 
H om estead S eries is a taxonom ic unit w hich is used for com ­
m unication  am ong soil sc ien tists, technology  tran sfe rs , and 
understanding the relationships and differences regarding other 
soils. H ow ever, soil series are not used in m apping.
Soils o f  the sam e series, fam ily , and subgroup  can d iffe r 
som ew hat in tex ture o f  the surface horizon  and in slope, 
ston iness, d ra inage, depth  to perm afrost, o r som e o ther 
characteristic  that e ither affects o r  reflects the use o f  that soil 
by m an. On the basis o f  such d iffe rences, a soil series (or 
h igher taxonom ic category) is d iv ided  into so il pha ses. Soil 
phase is utility  o rien ted , reflec ting  the ob jective o f  m apping. 
F o r exam ple , H om estead  silt loam , ro llin g , is one phase o f  
H om estead series w hich has a silt loam  su rface tex tu re  and 
occurs on 7 to 12 p er cent slopes. A no ther exam ple is Tanana  
silt loam , thaw ed , w hich is a thaw ed phase o f  the T anana 
Series. N orm ally  this series has perm afrost w ithin 14 inches 
o f  the surface. Tanana thaw ed is used afte r clearing  o r  natural 
fire , w hen the perm afrost recedes to m ore than 40  inches due 
to the loss o f  the insulating layers o f  m osses and organ ic  lit­
te rs. In p rac tice , a phase unit is m ore a function  o f  the m ap- 
unit defin ition  and design  than a d iv ision  o f  a conceptual tax ­
onom ic idea.
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Skookum Valley and tidal m arshes near the mouth o f Placer 
River near Portage. Descriptive names are used as map unit names
M a p  U n i t s
W hen soil scientists delineate an area  on a soil m ap , the 
areas are called m ap units. A single area on a soil m ap bounded 
by a  continuous line is ca lled  a m ap delineation . T he m ap unit 
is nam ed a fte r the m ajo r soil o r  soils in that unit along  w ith 
soils o f  a m ino r extent. W hen a m ap unit consists p rim arily  
o f  one kind o f  soil o r  includes soils in o the r taxa considered  
sim ila r fo r survey  ob jectives, the m ap unit is ca lled  a co n ­
soc ia tion . F o r exam ple , N enana  silt loam , rolling , is a co n ­
sociation  m ap unit.
W hen a m ap unit consists o f  tw o o r  th ree  dom inan t kinds 
o f  soil that occu r naturally  in a consisten t pattern , it is called 
an association . F o r exam ple, the Fairbanks-E ster association, 
steep  to very  steep , is a m ap unit w hich con tains tw o m ajor 
soil types, m apped on high ridges east o f  Fairbanks. The F air­
banks silt loam s are on south-facing slopes, and Ester silt loams 
a re  on north -facing  slopes. T he tw o soils occu r next to each
for miscellaneous land types such as glaciers, talus slope, rock 
outcrops, riverw ash. m arshes and beaches.
o ther in a regular pattern  and are not separated  in the delinea­
tion on the m ap. G enerally  the F airbanks silt loam s m ake up 
m ore than 75 p er cen t o f  th is associa tion , and the E ste r silt 
loam s m ake up about 15 to  25 p er cent. Included in th is m ap 
unit are som e G ilm ore silt loam s and  G oldstream  silt loam s.
A m ap unit in w hich tw o o r  th ree  d iffe ren t soils are so in ­
tricate ly  m ixed that it is im practical to show  them  separate ly  
on the m ap is called  a com plex. Soil com plex  is nam ed for 
the m ajor kinds o f  soil in it, for exam ple , K illey-M oose R iver 
C om plex. This com plex contains prim arily  K illey and  M oose 
R iver S eries but also includes o th e r soils o f  m ino r ex tent.
On m ost soil m aps, areas a re  show n that are so rocky , 
shallow , d istu rbed , o r frequently  w orked  by w ind and w ater 
that they do not support vegeta tion  and can scarcely  be called  
soils at all. T hese  areas a re  dep icted  on  soil m aps, but they 
are given descriptive nam es, such as rock outcrops, riverw ash, 
beaches, and g laciers . T hese m apping units are re fe rred  to 
as m iscellaneous land  types.
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THE USE OF SOIL SURVEY
S o i l : A V a l u a b l e  R e s o u r c e
Soil is considered one o f  the natural, nonrenewable resources 
needed for sustaining food and fiber production to m eet hum an 
needs. A t the sam e tim e, soil has also  been  used fo r support­
ing bu ild ings and roads and as a recip ien t o f  w aste. U ses o f 
soils fo r all such purposes intensifies as population increases. 
N ot until afte r W orld  W ar II d id  the people in this country  
d iscover that there is a lim it to o u r supply o f  land, especially  
land suitable for urban developm ent. In recent years, we found 
that the p ride  o f  A m erica  — ag ricu ltu re  — is th reatened  by 
a rap id ly  d im in ish ing  landbase (L ittle 1979). A laska is a new  
sta te , and m uch o f  it is yet to be developed , but it has already 
faced grow ing pains associated with changing land use. A brief 
sum m ary  o f  the use o f  soil su rveys in o the r parts o f  the coun ­
try  and  th is sta te  m ay shed som e light on  the approach  to b e t­
te r use and m anagem ent o f  a m ost precious nonrenew able 
resource : soil.
G e n e r a l  R e s o u r c e  P l a n n i n g
F o r a very  la rg e  a rea  like an en tire  country  o r  a state like 
A laska, a general soils m ap is used fo r b road  land-use p lan ­
ning. T he “ E xp lo rato ry  Soil S urvey o f  A lask a”  (R ieger et 
a l. 1979) is an exam ple  o f  th is. It g ives general inform ation 
about potentials and lim itations o f  specific physiographic areas. 
F u rth e r, it identifies 20  m illion  acres o f  land as having 
agricu ltural potential, 18 m illion acres o f  grassland with g raz­
ing p o ten tia l, and 40  m illion  acres o f  forest land w ith com ­
m erc ia l value. In fo rm ation  con tained  in th is publication  has 
helped  to  gu ide those engaged in planning developm ent o f  the 
sta te’s resources. It is also used as a guide to the most desirable 
areas  for a varie ty  o f  specific pu rposes, such as ag ricu ltu ral 
p ro jec ts  in d iffe ren t parts o f  the state. F o llow ing  this gu ide , 
m ore detailed soil surveys are to be designed for the im plem en­
tation  stage o f  the projects and field w ork. The m ap units used
for this level o f  p lanning are  m ostly  phases o f  soil subgroups 
o r g rea t g roups and , in som e cases, suborders.
R e g i o n a l  L a n d - U s e  o r  W a t e r s h e d  P l a n n i n g
Regional land-use or w atershed m anagem ent usually involves 
m ore than one kind o f  soil m ap. F irs t, a general so ils m ap 
is used fo r an overall b ro ad -stroke  study o f  availab le soil 
resou rces in the early  p lanning  stages. T hen  a detailed  soil 
m ap is needed for careful study o f  individual soils. The detailed 
soil m ap is essential in considering  lim ita tions, restric tions, 
and hazards as well as suitability o f  the soils fo r specified uses. 
T he “ T anana Basin A rea  P lan ”  is based  on bo th  detailed  and 
general soil m aps (Todd 1983) and the study entitled  
“ A gricu ltu ra l P ractices and W ate r Q uality  E ffec ts”  (Rum - 
mel 1982) is based on m ore general soil maps. The U .S . Forest 
S ervice uses Soil R esource Inventory  (SRI) fo r w atershed  
m anagem ent p lanning . T he soil com ponents o f  units used in 
general soil m aps are identified as phases o f  subgroups because 
less detail is required. In the detailed soil m aps, they are phases 
o f  consocia tions, associa tions, o r  com plexes o f  soil series.
C o m m u n i t y  P l a n n i n g
C om m unity , u rban , o r  city p lanning  usually  requ ire  m ore 
than one k ind  o f  so ils m ap. A general soils m ap o ffe rs the 
p lanner a “ b irds-eye v ie w ”  o f  the a rea  o f  in terest. T hen  a 
detailed soil survey o f  m edium  intensity is needed for establish­
m ent o f  zon ing , o rd inances, flood con tro l, public sanitary 
sew er, and parks. Basic so ils in form ation  con tribu tes to all 
phases o f  land-use p lann ing . T he general soils m ap fo r these 
purposes consists o f  map units o f  phases o f  association o r com ­
plexes o f  soil series. T he detailed  soil m ap consists o f  m ap 
units o f  phases o f  series. T he general purpose  N C SS pub lica­
tions in A laska are useful for com m unity p lanning. T he scales 
o f  these g roups o f  m aps range from  1 :20 ,000  to  1 :31 ,680 .
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A  soil survey report can be used for selecting land for develop­
ment. The m ap unit description indicates the high flood hazard 
in this area in southeast Palmer. (Soil Conservation Service photo)
T he “ A nchorage A rea  Soil S u rv ey ”  (SCS 1979), “ Soils o f  
the Juneau  A rea, A laska”  (Schoephorster and F urbush  1974), 
bo th  un co rre la ted , and m any rem ote  su rveys are exam ples o f  
so il su rveys especially  designed  fo r such purposes.
W hen land use in com m unity planning narrow s to such small 
acreages as subd iv isions, tra ile rs  p a rk s, and ind iv idual lots, 
h igh-in tensity  detailed  soil survey  o r on-site studies and 
verification  o f  detailed  soil m aps are  som etim es needed.
A g r i c u l t u r a l  D e v e l o p m e n t
In the U nited  S tates, people involved  in farm ing  have for 
m any years learned  to use  soil su rveys fo r land selection  and 
for learning how  various soils on a specific tract o f  land m ight 
respond  to m anagem ent fo r c ro p s, g rasses, vegetab les, and 
tree s . T his w ise  use and m anagem ent o f  soils is basic to farm  
efficiency .
As m entioned  above, general soil surveys have been used 
successfu lly  to identify  land having agricu ltu ral po ten tia l in 
A laska. Based on those surveys, locations o f  interest w ere iden­
tified  and m ore-deta iled  soil surveys w ere  conducted . S ubse­
quen tly , ag ricu ltu ra l p ro jects w ere  designed . A n exam ple is 
the N enana-Totchaket area (Agricultural Action Council 1983). 
D etailed  soil su rveys a re  effectively  used to  ou tline pro ject 
areas and form ulate conservation  p lans for individual tracts 
fo llow ing  developm ent (D N R  1982).
Such ag ricu ltu ra l p ro jec ts  becom e possib le  w ith the state 
o w nersh ip  o f  land  afte r statehood in 1959. T he F ederal 
G overnm ent transferred  public land to the state and boroughs 
w hich  have in tu rn  tran sfe rred  land to p rivate  ow nersh ip  
th rough  land disposals. E xam ples a re  the D elta and Pt. 
M acK enzie ag ricu ltu ra l p ro jec ts by the state and ag ricu ltu ral
land and hom estead parcels by the M atanuska Susitna Borough
(1982). Lands for disposal are selected based on land capability 
classifications in detailed  soil surveys.
As agriculture in this country is threatened by a d im inishing 
land base due to the com petition for prim e farm land from  other 
uses, m any states have established farm land  p rese rva tion  p ro ­
gram s (S teiner and T eilacker 1979). T he land capab ility  
classification  system  is used as a scientific basis fo r those p ro ­
g ram s. In A laska, parcels conveyed  in an  ag ricu ltu ra l land 
d isposal carry  ag ricu ltu ra l righ ts only .
Soil surveys a re  also used  in range m anagem ent to help  
ranchers fo rm ulate grazing  p lans and  p ro tec t ran g e  p ro d u c­
tiv ity . T he soil surveys fo r the S ew ard  P en insu la  and K odiak 
Island  w ere specifically  designed  fo r  rangeland  m anagem ent 
objectives.
The relationships betw een soils and forest productiv ity  have 
long been studied (Gessel 1949) and used in forest land assess­
m ent (S torie and  W eir 1942, S torie and  W ieslander 1948). 
In recen t years, m any p ro jec ts  have been  devo ted  to  u tilizing  
soil surveys to m ap fo rest productiv ity  and operab ility  and 
to form ulate  m anagem ent a lternatives (G ilkeson  1981). The 
m ost noted is the Private Forest Land G rading program  (PFLG) 
in W ashington State (F orest L and G rading  S taff 1978, 1981) 
in w hich  the  D epartm ents o f  R evenue and N atu ra l R esources 
becam e m em bers o f  the N C SS and en tered  cooperative  
agreem ents w ith SC S, U .S . F orest S ervice, W ashington  State 
U niversity , and  p rivate  lum ber industry  to su rvey  soil to  p ro ­
v ide the basic in fo rm ation  requ ired  fo r fo rest land g rad ing . 
T here  a re  m any p riva te  industries also  using soil su rveys for 
forest m anagem ent, such as W eyerhaeuser C om pany (W ebster 
and S teinbrenner 1974), and  the  In ternation  P ap er C om pany 
(H aines and H aines 1980). In A laska, the “ H aines A rea Soil
Barley is now harvested on Volkm ar silt loam in the Delta II 
Agricultural Project area where the project layout was based on 
Delta-Salcha Soil Survey Report.
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An aerial view o f the Industrial Park (lower left), south of 
Palm er, and portions o f  the M atanuska Valley. The soils here,
S u rv ey ”  (M cC loskey , personal com m unication5) C ape 
Y akataga (C ox, personal com m unication6) and the soil survey 
program  o f U .S . Forest Service, A laska Region, are specifical­
ly designed  for forest land m anagem ent purposes.
By using soil classification  and survey in fo rm ation , the 
A laska A gricultural and Forestry Experim ent Station is testing 
the fertility  status and response to fertilize r accord ing  to  tax­
onom ic groups. Results from  such studies will help the A laska 
C oopera tive  E xtension  S erv ice in terpret soil test resu lts and 
recom m end  fe rtilize r rates accord ing  to the soils on  various 
farm s.
E n g i n e e r i n g  I n t e r p r e t a t i o n
Soil Taxonom y classification provides a system atic approach 
to iden tification  and descrip tion  o f  soils for engineering  p u r­
poses. Each taxonom ic level ca rries  d iffe ren t levels o f  
eng ineering  significance, but the m ost pragm atic and descrip-
5 M cC loskey, J . , Soil Scientist, USDA-SCS, Anchorage, Alaska.
6 Cox, T ., Consultant, Arctic Geo. Resource Associates, Palmer, 
Alaska.
form ed in deep loess deposits, are very productive, but urban 
development is competing with agriculture for a limited land base.
tive is the family level. Soil fam ilies w ere specifically designed 
to identify  soil p roperties sign ifican t to  eng ineering  purposes 
(Soil Survey S taff 1975). H igher ca tegories are substan tia lly  
less definitive because o f  the incorporation o f  p roperties much 
less d irectly  tied to engineering  in te rp re tation .
E ngineers seek to determ ine the streng th , stab ility , com ­
p ressib ility , perm eab ility , and co rrosiv ity  o f  soils based on 
soil and m ap unit p roperties such as partic le  size, m inera l­
ogy, pH , tem perature, depth , slope, aspect, bulk density , con­
sistency, and structure. Engineers are not only concerned about 
those p ropertie s, but also about the ir variab ility . Soil fam ily 
g roups and series a re  based on  restric ted  ranges in those 
properties.
In N C SS repo rts , the eng ineering  data and  in terp re ta tions 
are given in tables w hich are  based  on  ranges o f  physical and 
chem ical p roperties. T hese in te rp re ta tive  tab les are genera l­
ly lim ited to individual soil com ponents (taxonom ic units) and 
not m ap units. H ow ever, m ap unit crite ria  ra the r than tax ­
onom ic units have been used to develop engineering interpreta­
tions in the N C SS report designed  for the U .S . F o rest S er­
vice, N orthern Region (C line 1981). Such an approach should 
be encouraged  in A laska. T he eng ineering  in te rp re ta tion  o f  
soil survey is essential to m ost land use ca tegories.
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The back steps o f  the Soil Conservation Service building in 
Fairbanks are settling due to perm afrost melting over a 3-year 
period. (Soil Conservation Service photo)
E n v i r o n m e n t a l  P r o t e c t i o n
Soil is one o f  the m ost im portant elem ents in the ecosystem , 
the re fo re , soils inform ation is essential in environm ental p ro­
tection o r  ecosystem  studies. A soil survey is required  for per­
m it issuance fo r hydroelectric  p ro jec ts , surface m ining and 
ex p lo ra tio n , p ipeline construc tion , and o ther opera tions in ­
volving the d isturbance and rem oval o f  soil and native vegeta­
tion . In those opera tions, detailed  soil surveys are used for 
sed im entation  and erosion  con tro l, topsoil stockpiling  and 
recovery , and reclam ation and rehabilitation o f  disturbed sites 
(P ing and K aija 1985).
A laska has abundant coal and m ineral reserves. W ith in ­
creasing  dem and  for energy  and strateg ic  m inerals, ex p lo ra ­
tion and subsequent m ining are expected to increase. Soil maps 
a t 1” =  4 0 0 ' scale co rre la ted  accord ing  to N CSS standards 
a re  requ ired  in perm it app lications. A n exam ple  is the “ Soils 
B aseline S tudies R eport, D iam ond C hu litna P ro jec t”  (sou th­
cen tral A laska) (E R T  1984). T his does not necessarily  m ean 
the  SCS has to do the soil su rvey , but that agency m ay be 
requ ired  to partic ipa te  in field review s and correla tion .
R e c r e a t i o n  a n d  W i l d l i f e  M a n a g e m e n t
Soil surveys have been  used fo r recreation  purposes such 
as siting cam ps, tra ils , ski reso rts , and play g rounds (V ink 
1975). Soil survey offers inform ation on the rela tionsh ips b e ­
tw een  vegeta tion  types and w ild life  hab itat. T he “ R eport o f  
R econnaisance Soil S urvey , K enai N ational M oose R a n g e”  
is w ild life-m anagem ent o rien ted  (R ieger 1963).
The SCS is no ted  fo r its effort to recogn ize  class V III soils 
suitable only for wildlife and natural conservation (Vink 1975), 
because it w as th rough such identification that agricu ltu ral in­
te rests  recognized  that certa in  lands w ould  be b e tte r used  for 
purposes o ther than econom ic p roduction .
O t h e r  P o t e n t i a l  U s e s  i n  A l a s k a
T here  are m any exam ples dem onstrating  the value o f  a 
m odern  soil survey  to app ra isers in assessing  land values o r 
land grades (G ilbert 1980, O lsen 1982, F orest Land G rad ing  
S taff 1978). Soil survey reports contain inform ation on  special 
landform s and soil ho rizons w hich can be ch rono log ically  
related (O lsen 1981), therefore they have been used in natural 
feature p rese rva tion  and archeological exam inations.
This gravel pit was developed from soil unsuited for agricultural 
purposes due to the shallow topsoil and high gravel content. The 
excavated area can be reclaim ed by using either stockpiled or 
borrow ed topsoil, o r it can be used for other purposes such as 
a sanitary land fill site or a building site. (Soil Conservation Ser­
vice photo)
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PROBLEMS AND QUESTIONS 
ABOUT SOIL SURVEYS
M a p  S c a l e  a n d  O r d e r  o f  S u r v e y
It is com m only  heard  in conversations betw een  m ap users 
and soil surveyors that “ we w ant an O rder 2 soil survey . . . ”  
o r  “ th is is an O rd e r 3 su rv e y ,”  o r “ the scale o f  this survey 
is 2 inches to  the m ile . . . . ”  T hen  w hat is the order o f  
su rv e y s? Is an  O rd e r 2 survey  really  needed all o f  the tim e?
W hen the soil sc ien tists talk  about the scale o f  a survey , 
they generally  refer to m ore than ju s t the scale o f  the pub ­
lished m ap. They are referring  to the precision  and detail with 
w hich the survey  w as m ade. G enera lly , the la rger the scale, 
the m ore detail can be m apped. The sm aller the scale, the less 
detail can be show n. Several factors m ust be considered  in 
se lec ting  a m ap scale . In genera l, the se lection  o f  m ap scale 
depends upon the in tricacy  o f  soil patterns in relation  to the 
expected  in tensity  o f  land use. T he te rm  order o f  su rvey  is 
used to convey  this m eaning and is used as a reference o f  map 
in tensity . T he rela tionsh ip  betw een  o rd er o f  survey  and scale 
o f  m apping is show n in T able 2.
O rd e r 1 is the h ighest in tensity , w ith the m ost detailed p ro ­
cedu res resu lting  in the m ost p rec ise  m ap. T he soils in each 
delineation have to be identified by transecting, and soil bound­
aries a re  observed  th roughou t the ir length . M ore  general 
su rveys (O rder 2 and O rd e r  3) are supported  by few er d irect 
observations to identify delineations and m ore use o f  air-photo 
in terpretation  to p lot boundaries. S till, O rder 1 through O rder 
3 , are called detailed soil survey  with different intensities (high, 
m ed ium , and low ). O rd e r 4  soil survey is a reconnaissance 
su rvey . O rd e r 5 is the low est intensity  w ith the least-detailed  
p ro ced u res , g iv ing a generalized  m ap. M aps from  all o rders 
o f  survey  can  be equally  accurate because the ir soils and m ap 
units a re  described  w ith d iffering  degrees o f  precision  ap­
p rop ria te  to th e ir  intensity  (M apping  System  W orking  G roup 
1981).
O ccasionally , d iffe ren t areas w ithin the sam e survey  area  
(pro ject) a re  m apped at d iffe ren t in tensities. This is because 
som e areas  o f  in tensive land use need m ore detail com pared  
to o the r areas. S om etim es it is because o f  inaccessib ility . It
is com m on to find small areas m apped at an intensity equivalent 
to O rder 3 o r even O rder 4 in an O rder 2 survey. By the sam e 
token , one m ay find  areas o f  O rd e r 4 intensity  in an O rd e r 
3 su rvey , and even sm all areas o f  O rd e r 2 intensity  due to 
special concerns. M ore detail is generally  needed  fo r urban 
and cropland use, and less detail is needed for range and forest 
m anagem ent. Even less detail is requ ired  fo r areas o f  low in­
tensity  use such as m uskegs, tundra , and very  steep o r  rocky 
landscapes. A need has been voiced by som e survey users con­
cerning m ap inclusions in Alaskan agricultural project parcels. 
A n overall soil survey  suits the purpose o f  p lanning  an 
ag ricu ltu re p ro jec t, but m ore detail is needed at the pro ject 
developm ent stage. T herefo re  som e have suggested  the need 
for a high-intensity survey at the scale o f  1 :15,000 to 1:10,000 
in agricu ltural p ro jec t areas.
T w o approaches m ay be appropria te  to m eet this need in 
fu ture surveys in A laska. O ne is to have an O rder 3 survey 
first, then an O rd e r 2 o r 1 survey  fo r specified  areas w here 
intensive land use is anticipated. The other approach is to carry 
these tw o steps in one pro jec t; first, go th rough  the w hole 
survey area at low er intensity , then, as the survey  p rogresses, 
identify the areas o f  high potential and com e back  to delineate 
m ore detail. In the land-use and resource-p lann ing  p rocess, 
starting  from  preinvestm en t, reconnaissance p lanning  to ex ­
ecu tion  (V ink 1975), there are d iffe ren t in tensities o r  survey 
requ ired .
M a p  U n i t  I n c l u s i o n
Soil scientists m ap landscapes based on the inform ation co l­
lected along transects and ex trapolate inform ation to areas b e­
tw een transect lines with the help o f  aerial photographs, aerial 
observa tion , and field checks and verifications. T hey try  to 
get the m axim um  am ount o f  in fo rm ation  from  the data. 
H ow ever, a m ap unit is rarely  a hom ogeneous body o f  one 
soil. R ather, it is dom inated  by one o r  tw o soils w ith  inclu­
sions o f  o the r soils o f  m ino r ex ten t. Soil p ro p ertie s  w ith in  a
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Table 2. General guidelines for identifying intensity of soil survey1
Intensity 
of soil 
surveys
Kinds of 
map units
Kinds of 
taxonomic units
Appropriate 
field map­
ping scale
Minimum
size
delineation Uses or objectives
Order 1 Mainly soil consociations, 
a few soil complexes
Phases of soil series 1:10,000
(acres)
1.0 Project execution 
On-site appraisals: 
individual lots or 
building sites 
Surface mining 
reclamation plan
Order 2 Soil consociations, associations, 
and some soil complexes
Mainly phases of soil series 1:10.000
to
1:20,000
1.0
to
6.2
Project execution 
Urban planning 
Farm plans 
Soil and water 
conservation 
Farm allotment plans
Order 3 Soil associations, some 
consociations, and some 
complexes
Phases of soil series or families, 
a few subgroups
1:25,000
to
1:75,000
6.2
to
36
Agricultural project planning 
Range management 
Forest land and 
watershed management 
Regional planning 
Riverbasin study
Order 4 Soil associations and a few 
consociations and complexes
Phases of soil families 
or subgroups
1:60,000 
to
1:200,000
36
to
400
Regional and area planning 
Grazing plans 
Resource management 
Project planning 
Pre-investment
Order 5 Soil associations Phases of soil subgroups, 
suborders, or orders
1:200,000
to
1:500,000
400
to
2,500
National or statewide 
resource planning
----- Soil associations Soil suborders or orders 1:500.000
to
1:10,000,000
National or world soil map
1 Cline, 1984; Mapping Systems W ork Group, 1981; Vink, 1975
2 For reference only, still being reviewed and not official NCSS policy yet.
m ap unit may vary spatially and sometim es change within short 
d istances. T he varia tion  depends on the com plexity  o f  soil 
d istribu tion  patterns. Soil scientists usually  recognize g rea ter 
detail than they can m ap due to lim itations o f  m ap scale. It 
w ould  add to  confusion  and  d ifficulty  in reading the m ap if 
units o r delineations w ere too  sm all fo r certain  m ap sym bols.
Soils o f  m ino r ex tent, contained  in delinea tions, are called  
inclusions. I f  the p roperties o f  inclusions do not affect m ap- 
unit in terpretations, the inclusion is ca lled  a sim ila r inclusion. 
A m ap unit m ay contain  up to 50 per cent sim ilar inclusions. 
F or exam ple, a soil with silt loam texture m ay contain a signifi­
can t p o rtion  o f  soil w ith  very  fine sandy loam  tex tu re w ithout 
affec ting  crop land  m anagem ent. W ysocki (1978) has run 
transects in m any m ap units o f  th ree  detailed  soil surveys in 
a g lacia ted  area  near P uget Sound in W ashington State w here 
he found 30 to 60 p er cen t s im ilar inclusions.
Inclusions w ith  con trasting  p ropertie s  w hich w ould have a 
detrim ental effect on land use a re  d iss im ilar inclusions; these 
req u ire  special a tten tion . E xam ples are the depth  to res tric ­
tive layers such as bed rock , hardpan , w ater table, contrasting  
tex tu re, surface stones, o r slopes w hich are m arkedly different 
from  m ost o f  the m ap unit. A ccord ing  to N C SS, the allow ed
lim iting  inclusion in a m ap unit canno t exceed  15 p e r  cent. 
W ysocki (1978) pointed out that this value is an underestim ate 
in highly heterogeneous areas.
It is very  im portan t that the m ap user be aw are  o f  these im ­
purities and inclusions in m ap units w hich m ay have adverse  
effects on  land use. In a soil survey  repo rt, the k inds o f  in­
clusion  are lis ted  in each  m ap unit descrip tion  b u t are not in­
cluded  in the in te rp re ta tive  tables. Therefore, it is im portan t 
f o r  m ap users to  read carefu lly  the m ap un it descrip tions in 
addition to the interpretation tables. Only the m ap unit descrip­
tions p rov ide in form ation  concern ing  pu rity  o f  un its  and  the 
lim itations w hich m ay resu lt from  som e o f  the inclusions. 
U nderstanding  the m ap unit descrip tion  is the key to  using 
a soil survey  rep o rt co rrec tly .
L a n d  C a p a b i l i t y  C l a s s i f i c a t i o n
Land C apability  C lassification is a system  developed by the 
SCS to group individual soil map units “ prim arily on the group 
basis o f  the ir capability  to  p roduce  com m on cu ltiva ted  crops 
and pastu re  p lants w ithout deterio ra tion  o v er a long period
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M assive ice lenses below the soil surface can result in sub­
sidence problem s as the cleared soil thaws. The presence o f such 
ice lens can be predicted in a map unit, but the exact location 
o f the ice lens cannot be mapped without extensive probing and 
drilling. Note the size o f  the therm okarst com pared to the man 
at low er left.
This big boulder, exposed by tim ber harvest, constitutes a con­
trasting inclusion to this map unit which has a silt loam surface 
texture. Such an inclusion is hard to detect under dense forest 
cover without closely spaced transecting.
o f  tim e ”  (K lingebiel and M ontgom ery 1961). The groups are 
based on a un iform  national gu ideline . T he SCS recognizes 
eight different land capability classes according to the lim iting 
factors sign ifican t to  ag ricu ltu ra l land use and m anagem ent. 
T he eigh t classes are d iffe ren tia ted  on the basis o f  relative 
degree and kinds o f  lim ita tions. T he capability  class o f  a map 
unit in A laska is designated  by a sym bol w hich is com posed 
o f  tw o parts  such as I lle . T he land is g raded  from  C lass I to 
C lass V III w ith the h igher num bers represen ting  land with 
g rea te r lim ita tions to farm ing  p rac tices o r  increasing risk  o f  
soil erosion . T he low er-case letters designate subclasses 
rep resen ting  m ajo r conservation  concerns: e =  erosion  and 
runoff; w =  excess w ater; s =  shallow  so ils, stones, salt, 
e tc .; and c =  clim ate.
B riefly , the land capability  classes are defined in U SD A  
H andbook N o. 210 (K lingebiel and M ontgom ery  1961) as 
follow s:
C lass I. Soils have few  lim itations that restric t their 
uses.
C lass II. Soils have m oderate lim itations that reduce the 
cho ice  o f  p lants o r  requ ire  m oderate conservation  practices.
C lass III. Soils have severe lim itations that reduce the 
choice o f  plants, require special conservation practices, o r both.
C lass IV . Soils have very  severe lim itations that reduce 
the choice o f  plants, require very careful m anagem ent, o r both.
C lass V . Soils w ith little o r no erosion  hazards, but 
w ith w etness restric tions w hich are im practical to rem ove or
correct, that restrict their use largely to pasture , range, forest, 
o r w ild life habitat.
C lass VI. Soils have severe lim ita tions that m ake them  
generally  unsuited  to cu ltivation  and largely  lim it the ir use 
to pasture o r range , w oodland , o r  w ild life habitat.
C lass VII. Soils have very severe lim ita tions that m ake 
them  unsuited  to cu ltivation  and that largely  restric t the ir use 
to pasture o r  range, w ood land , o r  w ild life habitat.
C lass V III. Soil and land form  have lim ita tions that p re ­
clude the ir use for com m ercial plants and restric t the ir use 
to recreation , w ild life habitat, w ater supply , o r  aesthetic 
purposes.
T he land capability  class gu ide in A laska w as substantially  
rev ised  in 1983 by the SCS s ta ff  to fit the env ironm ent in 
A laska, although it still follow s the national gu idelines. The 
rev ised  guide becam e policy  in the fall o f  1984. Soil p ro p e r­
ties and environm ental factors affecting  land capability  class 
in A laska include: soil dep th  to bed rock , com pact glacial till, 
o r  perm afrost; available w ater-ho ld ing  capacity ; surface soil 
tex tu re, gravel o r stones; perm eab ility ; slope; d ra inage and 
grow ing season w ater table; flood hazard; clim atic lim itations; 
and w ater and w ind erosion  po ten tia l.
M ost A laska soils are ac id , and the exchangeable sodium  
in soils is too low to be o f  any concern . H ow ever, the re  are 
som e soils in A laska developed from  lacustrine (lake) deposits 
w hich can requ ire  that salin ity  be included in the capability  
guide.
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This landscape shows capability classes in Copper River Basin. 
Class V ie land can be used for agricultural purposes with con­
sideration o f  w ater and wind erosion hazard. Class VIIs land has 
severe lim itiations due to steep slope and shallow soils over
bedrock. Class VIIw land is wetland due to its perched w ater 
table over perm afrost layer. Class V ile  land has a very high ero­
sion hazard.
Som e users o f  soil surveys question  w hether c lim ate should 
be considered . C lim ate is an im portan t so il-form ing  factor. 
T hree  key crops — barley , potato, and pasture grass — have 
been  selected  as index crops o f  ag ricu ltu ra l capability  o f  d if­
fe ren t A laska so ils. T he soil is C lass II if  all th ree key crops 
can  m atu re  in 8 out o f  10 y ears , C lass III if  only  tw o crops 
can  m atu re , o r  C lass IV  if  only one (usually  pasture) can 
m ature. C lim atic factors w hich determ ine w hether these crops 
can be econom ically  feasible include: soil tem perature , frost- 
free  days, m oistu re , w ind, and g row ing-degree  days. A 
g row ing -deg ree  day is a hea t un it w hich is an  accum ulation  
o f  values fo r each  day afte r the m in im um  tem peratu re  ceases 
to  go  below  40  °F and until a 40  °F tem peratu re  is reached  
la te r in the y ea r  (Searby and B ran ton  1974). D ue to  clim atic 
lim ita tions, the re  a re  no C lass I soils in A laska. Som e people 
m ay find it am azing tha t there a re  C lass II soils in A laska. 
A ctua lly , such lim iting  fac to rs as short g row ing  seasons are 
com pensa ted  by the very  long hours o f  sun ligh t du ring  the 
sum m er, as exp ressed  by  g row ing -deg ree  days.
Soil d ra inage p resen ts a special p rob lem  in the A laska land 
capab ility  c lassification . T here  are  considerab le acreages o f  
land under natural vegetation, m ainly spruce and m oss, which 
have perched w ater tables fo r prolonged periods due to shallow 
perm afrost. O nce the land  is c leared  o r vegeta tion  su rface  is
d istu rbed , the perm afrost recedes to  g rea te r dep th s, and the 
w ater table e ither d isappears o r  falls below  the roo ting  zone 
(Kalio and R ieger 1969, C lark  1983). A  capability  class is 
assigned to bo th  the frozen phase o f  the soil and the thaw ed 
phase (M oore 1984).
L and  capability  c lassification  o f  soils has been used  by the 
state and boroughs in land d isposal opera tions. T here  have 
been  problem s and dispu tes o v er som e land parcels because 
people relied entirely on capability designation and not on  map 
unit descrip tion  o r  o the r in te rp re ta tions. O ne m isconception  
about the land capability classification has been that only class 
II and  III soils are ag ricu ltu ra l so ils. T he capability  classes 
only  address the potential and lim ita tions o f  so ils to  be used 
fo r sustained p roduction  o f  com m on cu ltiva ted  crops. T he 
capability classification system  was not intended to dictate land 
use. As stated in the U SD A  H andbook N o. 210  (K lingebiel 
and M ontgom ery  1961), “ T he risks o f  soil dam age o r  lim ita­
tions in use becom e progressively  g rea ter  from  class I to class 
VIII. Soils in classes I to IV can  safely  be u sed  fo r the co m ­
m on crops if  p roperly  m anaged . H ow ever, soils in class II 
to IV need additional practices to overcom e lim itations o r  con­
tro l erosion . Soils in c lasses V , V I, and V II are su ited  to the 
use o f  adapted  native p lan ts. Som e soils in classes V and  VI 
are also  capable o f  p roducing  specia lized  c rops un d er h ighly
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Left: This barley field, north o f  Palm er, is on deep and pro­
ductive Bodenburg silt loam. It was previously classified as lie, 
due to the climatic lim itations to the selection o f variety.
intensive m an ag em en t.”
T he capability  class o f  a soil m ay change. T he capability  
classification w as developed based on a series o f  assum ptions. 
O ne o f  the assum ptions states: “ capability  groupings are sub­
je c t to change as new  inform ation  about the behav io r and 
responses o f  the soils becom es av a ila b le .”  T h erefo re , a soil 
w hich w as c lassified  as II o r III in an early  soil survey  report 
m ay now  be rec lassified  as III o r IV. Som e soil survey users, 
including both farm ers and p lanners, w ere troubled  by this 
change. T he soil itse lf has not changed , but ou r know ledge 
o f  w hat constitu tes class II o r  III soils under A laska en­
vironm ents has im proved  o v er the years. T here has been a 
substantial increase in the estim ate o f  po ten tia lly  a rab le  land 
in A laska from  nearly 15.5 m illion  to  20 m illion  acres (C lif­
ford 1983). T his is partly  due to  new  data on the am ount o f  
land av a ilab le , but is due m ore to a better understanding  o f  
what constitutes arable land under Alaskan clim atic conditions. 
T h ere fo re , econom ical and technological feasib ilities are the 
key factors to determ ine w hat constitutes agricultural soil. A c­
co rd ing  to the guides to land capability  class in A laska, which 
fo llow s the gu ide lines o f  H andbook N o. 210  (K lingebiel and 
M ontgom ery  1961), soils in class IV can be used for 
ag ricu ltu ra l pu rposes.
M i s u s e  o f  S o i l  S u r v e y s
A laska has faced the sam e problem  in the use o f  soil surveys 
as m any o th e r states — m isuse. O ne o f  the m ain causes o f 
m isuse o f  so ils in form ation  is rapid  econom ic grow th  and 
developm ent w hich alw ays press for up-to-date soils in for­
m ation  fo r land-use p lann ing . U sers o f  soil surveys usually 
try to get m ore  detail out o f  a  soil survey  than its fixed scale 
and data base can  p rov ide. T here  are alw ays m any o ther
Right: This soil was later reclassified as Ille due to its wind 
erosion hazard, and special conservation practices have to be con­
sidered. (Soil Conservation Service photo)
dem ands for soils inform ation which exceed the original design 
and objective o f  the survey . The m ost com m on prob lem  in 
the use o f  soil surveys is the en largem ent o f  the soils m aps. 
In the beginning o f  every  N C SS repo rt, it c learly  states that 
“ en largem ent o f  these m aps could  cause m isunderstanding  o f  
the detail o f  m apping. I f  en larged, m aps do not show  the small 
areas o f  contrasting soils that could have been show n at a larger 
sc a le .”  A n exam ple is the enlargem ent o f  O rder 2 soil surveys 
for subdiv isions w hose w ork ing  plan  m ay need a scale la rger 
than 1 :12,000. M ost N CSS detailed  su rveys w ere m apped on
This view o f an open Muskeg near Caswell area is o f  an area 
where peat moss occurs with scattered black spruce. This is 
wetland with capability Class VIIw. (Soil Conservation Serx’ice 
photo)
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field  sheets w ith la rger scales ranging  from  1:12 ,000  to 
1:24 ,0 0 0 , then  published  at reduced  scales from  1:20 ,000  to 
1 :31 ,680 . T he en largem en t, the re fo re , should not be larger 
than  the o rig ina l scale o f  the field sheet. M any d istric t co n ­
serva tion  offices use field  sheets fo r soil and w ater co n ser­
vation  plans. T here  is less risk  in en larg ing  a soil m ap if the 
soils are  hom ogeneous and the d istribu tion  patterns are sim ­
ple . But if  soil patterns are  com plex  and cannot be m apped 
at the orig inal m ap scale, then soils o f  con trasting  p roperties 
w ill not appear on the en larged  scale even though  they occur 
in the field and pose p roblem s fo r land use. T h erefo re , o n ­
site  soil investigation o r  verification o f  sm aller-scale soil m aps 
is necessary  w hen they are  used for such h igh-in tensity  pu r­
poses as n u rseries, bu ild ing  sites, com m ercial lo ts, subdiv i­
sions, tra ile r co u rts , o r  sm all farm s — all o f  w hich require 
a la rg e r scale.
T he inherited  philosophy  o f  soil science has placed an em ­
phasis on the top 60  inches o f  land surface . This is the zone 
o f  biological activity. Some users o f  soil surveys are interested 
in the m aterial deeper than 60 inches. Som etim es m ap users 
erroneously  extrapolate inform ation to a g rea ter depth. On the 
other hand, geological surveys norm ally treat the top 60 inches 
in a very  general m anner and often  call it overburden . 
N evertheless, in in tegrated  resou rce  inven to ry , soil surveys 
and geological surveys can  com plem ent each  o ther, even 
though  one canno t rep lace  the o ther.
O v e r - I n t e r p r e t a t i o n  o f  S o i l  S u r v e y s
T he N C S S, m ainly SC S, is h ighly  p raised  th roughou t the 
in ternational com m unity  o f  soil science and land use groups 
for its leadersh ip  in the developm ent o f  Soil T axonom y, land 
capability  classes, and the publication  o f  soil survey m anuals. 
S till, these achievem ents do not exem pt the N CSS from  
critic ism  o f  its fo rm at in soil survey  reports. T he challenge 
that N CSS has been facing is to im plem ent a uniform  national 
system  to ca rry  out soil su rveys at various levels o f  detail, 
yet m eet the needs o f  individual users and unique geographic 
areas.
The most useful quantitative inform ation in the NCSS report 
is to be found in its in te rp re tation  tables. In these in te rp re ta­
tion tab les , the capab ility , lim ita tion , and suitability  fo r d if­
feren t land uses (including crop land , rangeland , w ild life , 
recreation , eng ineering , and forest land) o f  each m ap unit are 
accessed from  the classification o f  com ponent soil(s) for which 
the m ap unit is nam ed. This kind o f  fo rm at and in form ation 
are  w ell received  am ong users o f  soil m aps, especially  those 
who w ork with autom ated system s, because the tables are direct 
and easy to use: one map sym bol, one interpretation. H ow ever, 
such an approach  has certain  lim itations w hich are often 
overlooked  by m any rep o rt users.
F irs t, even the in te rp re ta tion  tab les convey several kinds 
o f  land uses. T hese land use in te rp re ta tions m ay not have the 
sam e degree o f  confidence because each soil survey  was 
designed  for d iffe ren t pu rposes o r  em phasis. In o ther w ords,
each soil survey report is unique. Land use planners and o ther 
soil survey users should  be rem inded  o f  the valid ity  o f  the 
in terpretation  tables in the “ E xp lo rato ry  Soil S urvey  o f  
A laska”  (R ieger et al. 1979). T his survey is designed  only 
fo r general land use p lanning  at the sta tew ide level and not 
fo r defin itive activ ities in the field . Its un its a re  associa tions 
w hich do not contain individual soil boundaries. It cannot be 
used for specific purposes at a larger scale, such as river basin 
studies o r regional p lanning w ith base m ap scales la rg e r than 
1:250,000.
Second, the accuracy o f  the tabulated interpretations depends 
upon m ap unit purity . T he m ap units in detailed  soil su rveys 
are prim arily  consocia tions o f  phases o f  soil series. T he in ­
te rp reta tions do not cover the w hole span o f  m ap unit 
characteristics, i.e . w hat is m apped and w hat are considered  
inclusions. Instead, these interpretations are constructed  based 
partly  on  the fam ily crite ria  in the taxonom ic classification  
system  and partly  on the series and phase c rite ria  w hich are 
based on landscape and surface cond itions, and these 
characteristics have nothing to do w ith the taxonom ic system . 
M ore often , the tabulated  in te rp re tations accoun t fo r m ajo r 
portions o f  the characteristics o f  the m ap un its , but not all. 
This is due to m ap unit inclusion caused by soil heterogene i­
ty as described  ea rlie r (W ysocki 1978). T h erefo re , the soil 
survey users m ust acknow ledge the ex istence of m ap unit in­
clusions to be a norm  ra ther than ju s t inclusions.
A u t o m a t e d  D a t a - P r o c e s s i n g  i n  S o i l  S u r v e y
A utom ated data-processing system s are used not only in the 
m aking o f  soil su rveys, but also in the in te rp re tation  o f  soil 
surveys for the user. The SCS has developed a coding system  
fo r p ro file  descrip tions (Sw anson 1973). T he M ontana A uto ­
m ated D ata P rocessing  System  for Soil Inven to ries (D ecker 
et al. 1975), has fo r exam ple , developed  m ark  sense form s 
based  on  a coding system  to reco rd  soil p ro files and m ap unit 
data in the field. C om puters are  then used to retrieve and read 
the stored data and print profile descriptions, m ap unit descrip­
tions, soil c lassification  tab les , and m ap unit identification  
legends. T he m ost w idely adopted  autom ated  data p ro cess­
ing in the N CSS program s in the 1970s w as com puter-assisted  
w riting  (C A W ), w hich greatly  facilita tes p repara tion  o f  
m anuscrip ts and in terp re ta tive  tables. This sim plifies the use 
o f  the soil survey . C urren tly , the SCS in A laska has adapted  
C A W  and used the w ord-p rocessing  system .
T here  are m any facts and  data in each soil survey  rep o rt, 
and m any interpretations can be generated  from  that data. Soil 
su rvey  users som etim es canno t help  bu t get confused  in the 
face o f  m any apparent conflicts o f  fact and interpretation. They 
m ay w onder if  they are using co rrec t and adequate data  for 
in te rp re tation . T he in troduction  o f  com puters has g rea tly  ex ­
panded the user’s ability to extract the needed inform ation from  
soil surveys (Y ahner 1983, A nonym ous 1980, D ecker et al. 
1975, Jansen and Fenton 1978). A utom ated  data-p rocessing  
system s allow  the user to interpret and rapidly print out reports
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fo r  specific u ses, such as tillage g roups o r vegeta tion  com ­
m unities/hab itats w hich are not norm ally  listed, but for which 
a data base ex ists. T hese are  p rov ided  in  the soil survey data 
file but not the published report. U sers can also acquire needed 
in fo rm ation  w ithout go ing th rough  the log istics o f  acquiring  
the orig inal data o r vo lum es o f  paper. T he autom ated data- 
p rocessing  system  also allow s easy addition  to and alteration  
o f  data  w hen a soil survey  is updated.
O ne o f  the g rea test advantages o f  the com puter is the d ig ­
itized soil m ap. It has long been  observed  that usefu lness o f  
soil m aps can  b e  im proved  greatly  by overlays fo r specific 
purposes (B oyer 1969). H ow ever, it w ould  be difficult for the 
N C SS to p resen t overlays fo r every  possib le purpose from  
a base soil m ap. The digitizing process not only can reproduce 
the detailed  soil m aps from  prev iously  pub lished  soil surveys 
(Baxter 1980), but can also produce interpretative m aps based 
on digital files o f  soil m ap unit data. An exam ple is the Purdue 
M odel, F A C T S, w hich reproduces soil m aps and also replaces 
the  soil m ap unit sym bol for each cell in the row -colum n grid  
w ith  d irec t in te rp re ta tive  d a ta  such as y ield  data , y ie ld  index, 
o r o ther in terpretive ratings (Y ahner 1983). T he digitized  soil 
m ap allow s users to locate specific sites and to p roduce a 
ta ilo red  m ap to suit their specific needs. The digitizing o f  soils 
and o ther geoscience data  m aps are  used in A laska in land 
planning  (R um m el 1982). T he A laska D epartm ent o f  N atural 
Resources is w orking on a statew ide orthophoto base m ap pro­
g ram , w hich w ould  facilita te fitting  the row -co lum n grid s o f  
the d ig itized  m ap into the legal descrip tions o f  lands on the 
con tro lled  m ap base.
D esp ite  all the  conven ience and  advantages o f  autom ated  
data-p rocessing  system s, users should  keep in m ind the fact 
that the com pu ter only helps us m anipulate , sim plify , and ac­
cess the data from  soil su rvey  repo rts  faster. In no w ay can 
it im prove the  quality  o f  th e  orig ina l survey repo rt because 
the au tom atic  data-p rocessing  system  does not change the 
orig inal data base. T herefo re , m ap users will still have to deal 
w ith the p rob lem  o f  inclusions. O n-site verification  and in­
vestiga tions are  often  necessary  w hen the land-use p lanning 
p rocess requ ires m ore detail than existing  soil m aps can 
p rov ide.
C au tion  should  be exercised  w hen users try  to d ig itize two 
o r m ore soil surveys published at different tim es, i.e. the 1950s 
vs. the 1970s. M apping concepts m ay have changed from  one 
survey  to ano ther due to advancing technology o r  different 
survey objectives. A soil survey is consistent w ithin its survey 
bou n d ary , but m ay have d iscrepancies w ith one next to it. 
S urvey objectives u ltim ately  contro l m ap unit design in each 
individual survey .
T a x o n o m i c  U n i t  v s . M a p  U n i t
T o address the issue o f  m ap inclusions o r  m ap “ im puri­
ty ,”  it is necessary  to bring  up the con troversy  o f  taxonom ic 
unit vs. m ap unit. A ccording to Guy Smith (1981), there would 
be no con troversy  if  one re ferred  to C hap ter 19, So il Tax­
onom y  (Soil Survey S taff 1975). H ow ever a question  still ex ­
ists because m apping is, in part, an art. Soil taxonom ic units 
are conceptual, w hile m ap units a re  ou r attem pt to po rtray  
real bodies o f  soil that w e find in the field. W e m ust rem em ber 
tha t soil is a natural body and the delineations a re  arb itra ry  
lines used to separate  these natural bodies into u sab le  units. 
T he soil-catena concept is no longer used in m odern  soil m ap­
p ing , yet it stresses the idea o f  a soil continuum .
W hen Soil Taxonom y w as firs t in troduced , T horp  (1947) 
expressed his concern that “ soil surveyors and correlators need 
to  g ive m ore atten tion  to  segm ents o f  soil ca tenas o r  en tire  
catenas as com plexes to  be used as m apping un its , rem em ber­
ing that each soil type in the un it should  be described  in the 
re p o r t.”  A lexander (1983) suggested  classify ing  a soil in the 
taxon  w hich encom passes the sa lien t features o f  the soil and 
g ives the true  range o f  characteristics, assum ing  the soil is 
a natural body , w ithout regard  to taxonom ic lim its in h igher 
ca tegories, although  this can be a n igh tm are  fo r the SCS c o r­
relators. Edm onds et al. (1985), M iller (1983), and Som broek 
and van de W eg (1983) also  u rged  describ ing  and quan tify ­
ing the w hole span o f  the m ap unit com ponents and inclusions. 
W ith these points in m ind, soil su rveyors can  nam e the m ap 
delineations to  reflect the k inds o f  soil variab ilities as they 
affect probable uses (Smith 1981). V alentine e ta l .  (1981) com ­
m ented on  the approach to a national system  for m apping soils 
in C anada: “ Soil m apping  is not construed  as the geograph ic  
delineation  o f  soil taxonom ic classes. R a ther it is the m ap­
p ing  o f  portions o f  the landscape . . . .  T axonom y form s the 
th read  fo r characteriz ing  m ap u n its , o rgan iz ing  inform ation  
about them , and nam ing them , bu t it is no t the ‘be all and 
end a ll’ o f  soil m ap p in g .”
Soil Taxonom y is the gu ide fo r soil survey  and  m apping , 
but it should  not contro l line p lacem ent on the m ap. T he co n ­
ceptual soil taxonom ic units are well con tro lled , quantitatively 
d iscre te , and m utually  exclusive. H ow ever, in the d esc rip ­
tion  o f  the m ap unit, it is only  prac tica l to allow  som e degree  
o f  overlapping o f  characteristics to reflect the real w orld. This 
is why map unit inclusions w ere introduced into m apping prac­
tices. H ow ever, som e su rveyo rs tend to trea t the inclusion 
lightly because they are inclusions. They should receive no 
less attention  than the m ajo r com ponent(s) in the m ap unit.
S o i l  S u r v e y  R e p o r t  F o r m a t
T here are tw o directions for the soil survey report — depen­
ding on the clien t, o r intended user. O ne is requ ired  by the 
p lanners using autom ated data p rocessing . In this case , the 
sim pler the form at the better. They are  hard ly  in terested  in 
technical data. They w ant a qu ick  insight into a soil pattern , 
a short descrip tion , and a sim ple key to lim itations and 
suitabilities o f  m ap units for specific uses (Som broek  and van 
de W eg 1983). On the o ther hand , such u se rs  as soil co n ser­
vationists and sm all-farm  ow ners doing farm  planning, realtors 
and hom eow ners looking for p ro p ertie s , o r  consu ltan ts and 
eng ineers doing on-site inspections need a soil survey  report
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This thermokarst, formed in tundra soils near Council, Seward 
Peninsula, was caused by melting ice wedge.
w ith  com plete descrip tions in add ition  to conventional in te r­
p re tive  tab les . T he N C SS repo rt has been  o rgan ized  to m eet 
bo th  needs. T he general soils m ap in each detailed  soil survey 
rep o rt is designed  fo r the firs t function , but i t ’s often  o v er­
looked because it’s no t included in the in te rp re tive tables.
T he soil su rvey  report includes m ore than ju s t soils data. 
It is a docum entation o f  m aterial and m ethods o f  the investiga­
tio n , i.e . how  the survey  w as m ade. A ctually  the re  is v a ria ­
tion  am ong su rveys. T he section entitled  “ H ow  this survey 
is m ad e”  includes such in fo rm ation  as field  sheet m ap scale 
along w ith the published  scale. K inds, o rig in , and flight date 
o f  the  base m aps (aerial pho tographs) w ould  be o f  in terest to 
som e users for com paring cultural changes and o ther features, 
o r  as a sou rce  o f  photos for th e ir  ow n use. T he helicop ter 
transect in terval and special tools used in the survey could 
also  be useful.
T he soil in terpretations are from  well con tro lled  taxonom ic 
criteria  and quantitative data. H ow ever, there are m any obser­
vations and m uch inform ation equally im portant to survey users
that are not contained  in the soil survey  report. T his in fo rm a­
tion is lost during  m anuscrip t p repara tion  especially  w hen 
CA W  is used. Soil su rveyors should  be encou raged  to  d ocu ­
m ent those observa tions w hich m ay not be conven tional o r 
do not fit the form at. T he N CSS m ay consider attaching these 
notes o f  observations as an appendix to the report o r publishing 
them  as a separate  docum ent. O ne has to  be aw are  that the 
soil su rveyo r m ay be one o f  the few  that has ev e r been  to  a 
p articu la r a rea , especially  one that is hard  to  reach.
S o i l  M a p p i n g  o n  t h e  A c r t i c  S l o p e
Soil survey and m apping  in the A rc tic  slope areas w ere  
covered  ra ther generally  in the early  w orks (K ellogg and 
N ygard  1951) and in  a m odern  survey  (R ieger e t al. 1979). 
Detailed m appings are lim ited to specific sites and are generally 
sm all in area. E verett and B row n (1982) gave com prehensive 
rev iew s o f  the m apping  o f  tu n d ra  soils in the A rctic  slope o f  
A laska. D rew  (1957) w as the firs t to  in troduce the p rincip le  
o f  so il-landform  (pattern) m apping  fo r tund ra  soils. Because 
o f  the lack o f  soil continu ity  and the d iversity  o f  m ic ro re lie f  
o f  A rctic soils (Brown 1969), m apping o f  the A rctic slope still 
strongly  re lies on  landform s in com bination  w ith so ils. Soil 
T axonom y is still being tested  on the A rctic  slope. R ieger
(1983) po in ted  out the lack  o f  a category  fo r the dry  desert 
po lar soils. As the need fo r soil m apping  increases w ith 
resource exploration and developm ent, w e need to expand o u r 
know ledge o f  the vegetative com m unities, soil p roperties, and 
la n d fo rm s. This is especially  tru e  w hen app lied  to  subarctic  
areas and the A rctic . L inell and T edrow  (1981) po in ted  out 
tha t it “ should  never be considered  m ore than  a step  in the 
geo technical design  p rocess; one that fu rn ishes the eng ineer 
a  general ra th e r than a specific ind ication  o f  behav io ral 
ch a rac te r is tic s .”  T he N C SS is expected  to develop  c rite ria  
fo r classify ing and m apping  tund ra  soils in the fu tu re and  fo r 
m aking app rop ria te  in te rp re ta tions fo r land use p lanners  and 
m ap users w hose p lanning  and m anagem ent ph ilosophy  and 
approach  are quite d iffe ren t from  those cu rren tly  in use.
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FUTURE CHALLENGES FOR NCSS 
IN ALASKA
A laska is a la rge a rea , w ith  m ost o f  its natural resources 
un tapped . A ctiv ities involving surface m ining, resource  ex ­
p lo ra tion , ag ricu ltu ra l p ro jec ts and settlem ents, associated  
population  increases, and eco logical im pacts are expected to 
increase d ram atically . T hese  activ ities w ould  certain ly  ac­
ce le ra te  the need for b iogeophysical in form ation. The N CSS 
has to face the challenge o f  m eeting  these requ irem en ts, both 
qualitively  and quantitatively .
T he N C SS in A laska is in the process o f  updating  o lder 
su rveys and is also p lanning  on covering  m any new  areas. 
As M ary land  and m any o ther sta tes are  beginn ing  a third- 
generation  o f  soil su rveys (M ille r 1983), the N CSS in A laska 
is ju s t sta rting . T here  are four soil su rveys covering  the 
M atanuska-Susitna Valley: M atanuska Valley, Susitna Valley, 
W illow , and Y entna. There are also four soil surveys covering 
the K enai P eninsula: Kenai M oose R ange. H om er-N in ilch ik , 
K enai-K asilo f, and the cu rren t D eep C reek  pro ject. These 
su rveys w ere done at d iffe ren t tim es, and the philosophy and 
concepts have changed as technology  has advanced from  one 
to the next. T herefo re, even though each one is a good-quality 
survey  and consisten t w ithin itself, there are apparent 
d iscrepancies. T he SCS and its coopera to rs are in the p ro ­
cess o f  updating these surveys to m ake the interpretations con­
sistent am ong individual surveys to allow  future digitized w ork 
fo r regional p lanning and land use purposes. O ther surveys 
com pleted  during  the 1960s using d iffe ren t classification  
system s are being co rre la ted  into the Soil T axonom y. The 
NCSS is also cooperating  with the U SFS to incorporate Forest 
S erv ice  soil su rveys into the N C SS program .
Som e soil su rveys and on-site soil investigations in the past 
few  years have been done by p rivate  consu ltan ts. Such ac­
tivity  is likely to increase w ith acce lera ting  resource  ex p lo ra­
tion o r  surface m ining. A soil survey  involving public funds 
o r being used in the perm it p rocess fo r surface m ining is 
generally  requ ired  to fo llow  the N C SS standard . T herefo re , 
the contracting  agency  can sign a cooperative agreem ent with 
SCS and becom e coopera to rs o f  N C SS.
T here  is also  need fo r research  in the fo llow ing areas:
1) B enchm ark  soils need to  be studied  to rela te  the ir g en ­
esis, classification , in terpretation, productiv ity , and m anage­
m ent to o ther soils.
2) The variability  o f  m ap units in each  survey  area  needs 
to be studied and related  to farm  prac tice  and m anagem ent.
3) The relationship o f  agricu ltu ral p rojects to the env iron ­
m ent in term s o f  air and w ater quality  needs to be studied.
4) The soil taxonom ic classification  system  is to be tested , 
especially  in h igher la titudes in the subarctic  zone and in p e r­
m afrost areas w ith perched  w ater tables.
5) Soil tem peratu re  and m oistu re  reg im es in A laska need 
to  be studied.
6) F ield p rocedures and m ethods need to be im proved .
C ooperators in the N CSS p rogram , including the SCS state
and regional offices, the SCS N ational Soils L aborato ry , 
A gricu ltu ra l and F orestry  E xperim en t S tation o f  the U niver-
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Cattle graze on farmland near Delta Junction; Granite M oun­
tain is in the background.
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Left: U nder spruce forest, the thick organic mat on this 
Richardson silt loam insulates the frozen soil and prevents thaw­
ing. The thaw shown here is less than 8 inches deep in late August, 
(a) organic mat, (b) thawed m ineral soil, (c) melting upon ex­
posure, and (d) frozen layer.
sity o f  A laska, D epartm ent o f  N atural R esources, Soil and 
W ater Conservation D istricts, C ooperative Extension Service,
Right: The same soil thawed after clearing turned it into pro­
ductive land. Photo shows a soil pit excavated for study on the 
pasture o f N estler’s Farm  in Delta Junction.
and other agencies, need close cooperation  in the conduct and 
support o f  these research  pro jects.
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C O N C L U SIO N S
Soil su rveys have m any uses and are indispensable tools in 
resource m anagem ent and land use planning. The m odern soil 
su rvey  report is am ong the m ost com prehensive scientific 
survey and inventory o f  natural resources. Y et, questions and 
problem s arise  ov er the use o f  the surveys. W hat these ques­
tions and p roblem s rep resen t is not the lim itation o f  the soil 
survey itself, but rather a com m unication gap betw een the soil 
scien tists and soil survey users. T he soil scientists need to 
understand the philosophy and processes o f  land use planning 
or m anagem ent practices so they can design the survey to meet 
these  purposes even though  they d o n ’t m ake land use dec i­
sions. T he soil survey users, especially  land use planners need 
to  understand the applicability  and lim itations o f  a soil survey 
and the p rocesses used to m ap and classify soil. Such 
know ledge will alert the users to m ap inclusions and confidence 
levels o f  in te rp re ta tions. Such com m unication  can im prove 
the survey  and its application . T he first steps in this com ­
m unication  are enhanced  through the m em orandum  o f 
understand ing  and special tra in ing  and briefing  fo r both the 
soil su rveyo rs and users. Subsequent input from  users during 
field rev iew s, co rre la tio n s, and the survey reports are also 
im portant.
A utom ated  data p rocessing  is the trend  in m aking soil 
su rveys and develop ing  in terp re tations. It is a pow erful tool 
fo r m odeling them atic  m aps and changing  m ap scale. L im ita­
tions o f  this approach  have to be recogn ized , desp ite its effi­
ciency  and conven ience in acqu iring  and using soils in form a­
tion . Even though pedology  (the study o f  soils) is a science, 
m apping and in terpretation  o f  soils data is partly  an art. M any 
soil charac teris tcs  can be quantita tively  m easured , but the 
de linea tion  o f  these characteristics on  cartograph ic  rep resen ­
ta tions o f  natu ra l landscapes and form ulation  o f  in te rp re ta­
tions o r pred ic tions depend on the soil su rv ey o r’s m astering  
the know ledge o f  soils and application  o f  th is know ledge to 
a set o f  survey objectives. There should be room  to accom odate 
this in the autom ated p rocessing  o f  soil survey  data and 
in terpretations.
It is unlikely that only one kind o f  survey will suit all pu r­
poses because each survey is unique. M ore than one kind o f  
soil survey and m aps are needed fo r land use p lanning  and 
resource  m anagem ent. Soils inform ation is presen ted  in a 
h ierarchy  o f  surveys done at d iffe ren t levels o f  detail and in ­
tensity . U sers m ust also keep in m ind that soil surveys do not 
provide solutions, they only point out the capability, suitability, 
lim itations, and possible hazards related to specified land uses. 
T herefo re , soil surveys serve as tools to  the so lu tion  o f  d if­
feren t land use issues. The N CSS prov ides soil su rveys o f  
O rd e r 2 and O rd e r 3 in A laska and m any o th e r states because 
these levels o f  soil surveys a re  the m ost useful. T hey prov ide 
baseline data for m ore detailed  surveys o r  on-site investiga­
tions. T he N CSS in A laska also  provides O rd e r 4 su rveys for 
range and grazing  purposes.
M ap scale and the o rd er o f  surveys are not only dependent 
upon the purposes o f  the survey and soil pa tte rn s, but also 
upon the tim e and m oney availab le . T he resources available 
m ay not be enough to m ake a survey  app rop ria te  to its p u r­
poses, especially the unanticipated uses to w hich the com pleted 
survey  m ay be put. T he latter is especially  true  in that there 
is often  a lack o f  in terest on the part o f  m any po ten tia l users 
at the beg inn ing  o f  a survey  p ro jec t. T here  is often  a dem and 
fo r m ore detailed  in form ation  afte r the survey  is published . 
T herefo re , it is critica l fo r the public to support and to have 
input in the p rog ram  so that N CSS can better serve cu rren t 
needs and A laska’s fu ture in terests.
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